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(54)TitIe: HYDROTHERMAL ELECTOLYSIS METHOD AND APPARATUS 



(57) Abstract 

A method and apparatus for simultaneously 
conducting a hydrothermal reaction and electrolysis in 
the presence of ions of a strong acid, such as halide ions. 
The apparatus comprises a reactor having a pair of 
electrodes inside. An oxidizing agent such as oxygen gas 
may be added. Even low-molecular compounds, e.g., 
acetic acid and ammonia, can be easily decomposed 
thereby. 
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yiamKfS^xit. m^i^. 1 0 0-^3 5 ox:(D^m\z^iMii^rzvtm\zx. 

uit-t^. m^iit. mm. t y^E-r^jm^iz^m-^-r. ^mmibmi^K ■^z.x. 

n<i>m5 9- 1 9 7 5 7^1i^lcB5®$tlTV^S.l;'5lC, ^^tSfE^SriSjl-r-Sfc 
-^tJ, ) {CcbO, fi^TKro^b^W^^S^a (COD) ?£{£T$-&SCtj&^-T:#S. 
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75?1. 000-30. 0O0iDg/L-&^n-5>«-&;5i^S, mffiX^S^TK, :^p°pXJ^©^7K{C fc^ 

mm^ ^MKft^izii^^xmm-r^m'^iz it. tk^^ iz/\ □ y ^fb^^-r ^a- >75^:t^ 
:i<Dj^o\z. /\a^'>im^^>m(Dm.m^'^m-r^m7mmmizu. 

p^^&tii)mm(Dm&.±iz±^Ltcm^\z\t.mi)^Lm^i^x^ikiiivxi^^tz. 

yi^<DW^Txnn»m^n'D -^mzit. 7mi57.^xsmmij7.f)^ 
^^-r-s, ^LT, 7\fim:»:kt.m.m'»7.t-m^^-r^m^\z\t. m^(Dim.i}^^ 
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^^•r^7i<immz. i o ox:&.±mm7kmi^(D^^i^meiT(Dumizti\,^x. tn 

Bmm^mimtLxi^m l, mmi^}t^^(D\Hmzmm^^m-fi^nxi^^^ c t w 
sLirio ^\u^>^\::m^:t>m<Dm.m^^ts7Kmmz-D\,^x7hmm^^m^n-D 

^^m<Dm2<Dmmx\i. 7i(.mK}it^(Dmti\zm^^^tT!}^x€^Kjt^^t, m 
\z. ioox:&,±mmi\^mw<D^^\^m.^T<Dum.\z^^^x. muii^mw-hm^ 

E 5 m7t^mmifi^^nx^^ti.\,^fiW^\z'D\,^x(Dii(.mm.%^m\z:iin^. 
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0 6 m7iii'^m-f)^^^nx^^u\^^'km7i^iz'D\,^x<D7i<imnm.^\zii\ff^. 

msu. 7>^:-T(D7Ki^m^^j^{i*5tiT, ^mmmmz:$i\,yx<DKit-mm 

m9\t. 7>'^—y(D7i(.mn^^miz:toi^^x, K!tsmmii±^:ff7.<Dm.}&ii<D 

mioit. Ty't^TODymsm^^Miz^^'^x. ^K^^mmizi^v^x. 

mint, 7y'E=:.7<D7iimmm.^m\zid\,^x, Rmmmtmm^^miimm 

Eii2«, mtj.-otz't y y-)i^7^> (MEA) m^(D7i(.mmm.^Mizi6 

mi3it. =eyjLi^y-)U7z>(Dyi^mm%6^Miztii^x, Kst^mmh^^^^ 
X (D <h ffi 18 $r ^-r . 

(TOO ^(Dnm^^T. 

01 5ts. mm<D7mmm.^m\zii^^x, s:mmmt:»xmmt(Dmm^mt, 
01 6«> mm(D7i^mmM.^m\zi6^^x, KfBmmt:»7.mmt(Dnm^^-ro 
0i7tt. mm(D7mmm.^m\ziii^x. K!BmmLmm7ii^<D±mmmmm 

(TOO h(Dnm^7r:-r. 

01 8«, mm<D7i<.mmm.^\zi5^^x, KJtsmmtmm7K'=¥(D±mm^mm 
(TOO to^aiis^-To 

01 9«, mm<D7mmm.^m\ziii^^x. Kft:^v^mtmm7K'^<D^mmmmm 

(TOO <h©ffil8^^To 

02 mmo)7mnm.»mizii^^x, K]t-mr^^L^m7i^^<D±mmmmm 
(TOO iKDnm^m-To 
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2X- ^ Xz + 2 e" (1) 

15 T-ab-g), ) 

H2O ->■ 2H* + l/202t + 2e- (2) 
W^ife + H2O — COit + r + e" (3) 
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m.^i^m^n'zm.m-^T.ti^^^-t^. ^ (3) mm. mm-vmit 

$n^. (1) ©Mtic (2) ©s/stfi^-g-L. MncT^Rji&dt^^ijf'jifT 

±.(Dii^ts.E\z\^. ^ (1) <DKmi)m9tm\zmn-r^. 
^ (1) {d^o, mmi:.^mnt.<D^m^z^^vrc/\utr>^^\^. ^taynm 
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Xt + H2O -* HX + HXO (4) 
miM!^ + HXO CO2T + H2O + HX (5) 

(^f^. x«, ±iB®;t*swrs. ) 

2NH3 + 3HXO ^ NaT + 3HX + 3H2O (6) 

>^m^0^-r^mm<Dj5.mx'i^. ^ (2) . ^ o) . ^ (.4) mz^r)7i^m'X 

mi)mitmt:\yxmz^m\^^\'^tmf:>n^> 

xf)i. mmm.i^com'^izi-i, 'AM/\oy>m\z^^mitKmf)^m7tiimm(D^ 
Mizmzm-^iyXi^^^ tmtDti^, 

—:fj. xi)^M:mm^x\t3^mm^(Dm'^\zit. /\aY>m-i^>f)m7ti±m 

3XO" ^ 2X- + XO'" (7) 

m^\t, 'Am/\aY>m^mm(Di5.mizu.mmiz^^^W}Lrzm^\zit. ^ 
(7) (DKmm^^m'^Tfi^$>^ts.t>n^, ^Moje^-ett, 
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>y>, p. L. fm^mm^t^i mmm. 1991^. ^2fig, 3 

5 7 9M) , -etT, Aoy>^«5t^ir. !t:t>;^®?{l:^J-Cfe^. 
ffT-2>. 

+ 02-^ COat + H2O (8) 

15 

^/i, ^ (3) iz^t^viz. mmm. 7>i-7m<Dm7c^i^mt. nrnKju^iz 

20 2NH3 ->• Nzt + er + 6 e" (9) 

it'^mmjbmmzmt^m-^n^Kj^^mm^^^KWtEr^o 
—:f3. mwx'mz.y>o^Rmiz\^x&rF(D^(r>ffi^?^i^ti^, 
25 yv.\-i.mm.^m\z^-oxmmx-^m^^^-^^o 

2H2O + 2e" H2T + 20H- (10) 
^Z.XKl^s^:^W'^mmht^^ii\Z^'DX. ^it»t0-5*V-KE5:fe;5ipJtg<h7i 
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2) , (13) fC^T. 

HXO + e" X" + or (11) 

l/202(.,.> + H2O i 2e- — 20H- (12) 
H2O2 + 2 e" 20H- ( 1 3) 

i^@ici3ViT. m<tMi)m7c-^ti^^ (11), (12). (13) (DRmit. 
^ (10) (D7m^^^-r^KfBii^-^-r^o 

m-^mTt^n^^ (ii),^(i2),ic:(i3) mco^mf}^. m^^izmn 

m:»xf}^K}:i:^^mzmm\zm^^'r^-^mmm< u o . mm(Dm:mf)mmT^. 
^fz, 'Am./\ny>mm<Dm'{tMT()mmx^m-r^(Dx. mm7i^'^(Dm<tm'^M 

m-f^>:6mmm.iz^^-r^c zrnznvx. mf^x<Dmm.^mx\^. 
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:^%mizm^^^/\ayy'(t^-c^>iivi:\t. mtm^^> (ci-) , 

m^^> (Br") , B^it^^:ty (I") . Xti, ^tlib<D^M(r>m.^^f:,^ 

1) . :^^b7K^ (HBr) , H^it7m (HI) m(Dmii^yKmmz^^Mux 

0<j^ti, mit7m (HC 1) , :^{b7K^ (HBr) . s^itym (HI) m 
-fb^^hu-^A, m{t:fy^j^j^m<D/\ay>^\:7)vti^)^m ; rntij }Viy^ i.m<D 
hox (jL^u>>f7s.» (I I I) m^m. h'jx (2, 2* -t* 

t!U>'» ^(11) :^{b!^^©f§J^*^^tf en-5o S^c, W^:S<hLT{4, 
Tfccbl^c Sic. Zi>^iAay>'fb7K^t«)#in:^ (^JAtt\ 7'ziU>-:^ 

20 TK^S^^t:*^. 0. 0 5 5 U^JU/U y h;i'^-t:®/\P'5r*>-fb#;'r^>$^W-r'S> 

c<i:*^$f^L<, 0. 5 5 u^ji-xu <y h;i'£i±<7)Apy>'fbife-r^>^-^wr 

^ :i <h {3 $f ^ L < . S^^)=^}V/'<)vV}V&.±.<D;\u^'yi\:m^^>^'^^ 

25 ^tc. a^mW-b^ 0. 0 55Ut;U/'J'y h;l/U^±©S'fb#l'r:^> (C 1 -) 
S:-&W-r-5ilt/&^JfSb<. 0. 5 5 'J^;U/'J hJU£i±®ilfbi^'r^>^-& 

ti!)^m\zr^iitfi-^L\^\ 
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mmtTi^miBLZ^j^Wm^imm ; 7}Vn-)V TJU5='t ]^ : ^h> ;7^> :m 
^-feXanthracene), hru>(pyrene)^&:9-^-e^So #U:7 3iXlx>^ 

7 5><i:LTf4, mti. yjU^JPT^ >^<DBgTOT^>, TxU>^ 
25 <D5f#^T5>$^^l?€^. 
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jzz>\zti)i^-!t^^i^)im (-COOH) iL7 s. y mii^mr^^t-^^h^ML V 

n7i^\z^m-ri>o ±i^-r^/\u^'>it7Km^'p^-r^rzit>\z, ymmz^m^^^ 
A, 7i(.m<t:^V'yAm^»mizm^^^^tA^X'^^, /\uy>^tm<t7i^m^Lx 

Inmm.WL'^^ \ ms\z. i7aay 3j?'J ^ pp t':7x-;L' (PCB) . 

^'smmx-mm-^nxi^xh. mit^m^n^, 

L-Tfi, MTLi^. v^^:*- >(inalathion);^|i#frf ?,ns. 7it::fe, T^^^r^^-XD-ft; 

(CH3O) 2P (=S) -S-CH (COzCzHs) (CH2C02C2H 

20 

9 O 

»• I) 



S S S 
i ^OP(OCH,>. o 0 (CH,0)^HCO,CH. (Q) PO (O) 

<c.H,o>»pop(oc.H^ ch^oj:.h, ckxh, 
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m.^:^y\tMmrfT:mmKm\z^^x6^m-^n. ->T>-r^> (cn-) \t. in 

t^ii. 7>=^~7. mm^^>. mm^^y. ms7^>mm(D^mm\t.. 
^^^{LSr^jgrsco-c, mihm.Uffi-^ti'z^Ki. z.M(Dmmm\ikT\zm^-r 

-^LTi/iTfeiVio «eoT. ^a^mwi \z\-^. i^tkM\&(Dmwm.=f-t)^mz^WiV 

*l$W-r^JE:t»®T. 7KMJi&;55fft3ns. 1 0 0*C J: TKift 

o;iii^ia^-e«, 7K^^$:(Di^tt*t^^{c^-(b-rscDT. :^mM<D^mimmzm. 

*%BJT«. 1 2 0X:&i,±3 7 OX:UT<DUm-C$>^ZLLT!}m^V<. 1 4 ot: 
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WUm. mns.. mm^mti^^o, c:ne><&^*i:LT> iSg|^^^(critical cons 

ercritical f luid) tVi^i, m^i^S:. M^TJCTKOTeg^ja^fS 3 7 4'CT^0> Ba 
#EEf±2 18a 

15 m^miiu\.f^\^^m'^iiit^x. mM.-^mz>^^mt.t^^nti^^y-r^^t.i)'iX'^ 
^, 

ngPd^e.j^up-rsM'fbj^jtL'Tfi, mm^Ts. mitTiam. ^ikm 

20 ^^B^xm^^^^mmt^mitmcDmii. TK^^^^^t w^^s:*fi® o . o 
i~i 0 o^mizmm^^zLt^^ttf^vi^^ m<tm7b^. o. o immmm(Dm^ 
\zit. 7i^mi^(Dit^^mmmM^+^\ziS:m-^i±^^t:fy^x^'r. mm.^Miz 

^(D'&yt^mw(Dmit\zm't^^±.<Dm.im\fimt:>ti^ zl t. \zfs. o . m.{\M(r> u 
25 :Kifi^<u^. m.':>x. 7Y.%wm'c^mmM^^m^'i&M.-^^^f^^\z\±. m^c 
no^mt. 7)mw(r>\Y,^^^mmm:iiLm<r> i o ^^wiKTx^^z. t^w* l < , 5 
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7i^mnm.^mmmit. 7KmKfV^(Di£ti\zm^^:iti)^x'^^Rm§§ i o^^v. 
sf&g§ 1 0 it. tkjk^ 1 1 1 2 t^-^tz 1 4 t^m-r^o 1 

Xh^l^^o IKDm-tiZit, 2 0^111 2 s OJ^:&&gl&jh^-5 d i:;i5?T^^o 

1 2 CDrt^ 1 2 s /NDy>-fb!^<:r>. m^l£. ^im^ ^>\Z^K> B-^^ 

^•z>^*i$>^m'^\z\t. m^^^^^^'^^izm^mzm^rji^m^^n. ^(d^^ 

roMro^'fb7!>^lSii^n-5;i^t>-r*-5o :*:^HJT{4. 1 2 CDf^M 1 2 s 
™?^4^$Wr-5Cl,J:*W*bVi. Sfe, M2 2©^#J®2 2 s fcnt§if^4«c^ 
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m.m.mM 2 4 coje^^^^ 2 e SLtX:^^^^^ 2 7 -^Mn. ^-028, 2 
9&^bT, i^^2 2s.D^i^igi 2 s iz^g^^nso i^^{::sm-rsfcse)CD^'f 

> 2 8 s;^;:^ i o ^-f > 2 8 M^Sig l 0 tmmmi 1 6 fci; 0 

^^tlTVi^o 2is:'(i!(i: l 2Rt^^^fc 1 4 7&t^MSi«D:^-&{ZtS. ^-T >2 9 
20 1 2Xtt^sfci 4{ci^^^nTvmtfckti. ;is:*3. figftflljlSiiLT, M^it. y 

25 mi o<Dp^mzmm-r^o i^x^-iyA oiz\t. m^i^. m7^-^tixh^u^^n> 
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dtj&^T^s. EiTfi, Kj^i o(DZ-^rzi 4\zit. ^^^^1 8/&«^tte.n, 

7mi^i lit. mwmms 4xm:^. itj^^n^dt^wsbv^o m.wmm3 

mm^-(>4 2it, ^-^tzi 4izm0.-^nrcMmiii 4 aiz^rt. kfv^ 
§§1 o<D^mzmm-r^o 7jci*sjs&i^T$-a:^^ic, mtimmn4 s^m^^x, 
:^'7.^miii^^>4 2t^ibmiiii^. Kit-i§i 0 (Dp^^mt) t:±m.mz^x'm&-r 

sf&g§i o(Dp^^j£tif)^~'^mek±iz±^vtcm^izit. 

15 }£timm^4 3:f)^:ff7,^mtiil^> p^m&t!^isrf^^xh^\^^, 

ffSLV^o mm^^>44\t. 2<7)JSgB{Cjg^$nfcSJi7Ll 2 R<&^L 

mimi^^m-t^^t:^m^v^K mitmt, 7i^mi$^^mm.^m-r^mz7Km<D 
^^^mm-r^ziif)^x^. m^<D'^mmm<}^r^o sfc, m%»M\z-ii'^u 
mti^mmx^^> 

25 /-^y^mmo^m^izit. ^jtmi oizmx-r^7mi^<Di$imu. rjb^io(d 
ff^'smm(Di^m<D ? 5 %&rFx$>^z. tmtif^ u < > e 5 ^ott^^ ci t^^H 

0, ^fc, 7Kmmm.^miz^^:»7s:fym^-r^y}-^'bX'&^o sim^ioizmxr 
^7i<.mi^<D^it. 1 0 <Dp^^^m(Di^m<D 1 0 %&.±x'&^^ tt^ti?^ 
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5 mm2 2^2ts:'*i 2<Dp^mzmmT^. M2 2 t:^itii 2 t(Dmmitr£^^ 

-rs. ^i^\z^n^Km^i o(D&t}U, iamumz^^^^T. y^mi^^mmizu 

^v^T, upi^^s 3 0 tccb 0 , o^m^<DmLm.^-^Mm-r^o z.<Df^. 
mmM3 2\z^r)^ KfBmi o<Dp^^i^m^'e=.^—-r^zh^m^vr,\ 
15 wx^co^mizmvtzWi. mmmm24^K). mm2 zRzsmmiivxi^m-r^ 

ymi^^oym^^m^mnr^iz^tiT. m^t,iimmiz^K)7i^mi^<Dm^m-f}^mt 
X'$>^o ^r^. —m(Dmwi^mm-r^<D\z!i!:-mumj£^'E-^~--r^:itiz^v. 
^^m<D:^iiiX\t. mmcommmmit. o. imA/dm^-s o oA/dm' 

25 ^m^mrnVfcO. ittbU^O^C-S. — ■ag^^^^^O. lmA/dm'<i;0 

mi^. 1 OmA/dm'~l 0 0 A/dm'T?^?>c:<h/5>?M{3iffSb<, 10 0m 
A/^dm'~5 0 A/dm*-CS-5:ii:^^Jgfw7k*50Sblio ^^tfe. mmcom^^ 

i)m^^nrcm'^\zit. mm<Dmmmm^w.izm < -rs t t)T'#So 
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5 m^z.i:.\zts.^, ^z.-Q. -'^<r>m.m\zmvt:.mzvi.. mmhmmiz^K^-^ 
)vy^M. mm(D^^y-Q\%. mmtc^mm (H2CO3) ^mmv. mmt^. 

10 

CaCOs + H* (3^^) Ca'* + HCOa" (14) 

15 ;^viT, mmmm3 o\z^^mm:si.zsm.mmm2 4\z^^mm^mm\zi^±v 

mm\t. mf^mm\zmhx\.^?>, 
yi(.mmm.^mmmit. 7i^mK]t^<D}£tnzm^^^t:d^T'^^Kmm5o ^mt 

#:cD7KI^S;^^)^>*jiffT'#^, Sfc> 7KJ«#5 2 jE^SSI 5 0 (DTSR 5 1 a;&^^) 

25 ih\zi^W}V. ^(Dmm.-Qnm.^m^n^. 
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(c 1") ^(o;\ufyitm'<^>u^^m'r^j\u^>im'y'i>& z-hmm. 

JD^SB 7 4 SWrS d t75WS LVi, Sf£:Si 5 0 (D^mif^ibKJ^^m 5 0 (DrtSB 
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muT. (^m.tvxmiaT^m'^^'^tSo ) <D^-z>rj.iJxmm(Dmimnt, urn. 
10 mitm^mzmm-^-^. mi£T^>zf^iz^oRit-^izmmLx^S:^\ 

20 y{>t-e^^„ m^it. ^its^s o<Dm^±m^^mmx'$>^x'h^\,>. 
^5l§5o, 9 2 cDivfKtt, mi tm^x$>^o 

25 itgfsmi!! 9 4 (^iEM^^ 9 6 St^^^^S^ 9 7 -etl-fn, ^ -f > 9 8 , 9 

9$^LT. M9 2Rrxii?@5 0 s fci^^^n^. Micsm-r-srcjexD^-f 

>9 8«, S;&§§5 0®±gi55 1 b<&g:#. ^'r>9 8{i, SJiSggS 0 
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ix^;p^tii«gtg 1 0 6 m.wt.mw}i(Dm.mi:u^)v\ 0 4^m\'&v. 
15 {c, jEE:^^m^^^{c^mt-sjE«^^^$^tt. ^(Dm.m.mwu^)v^\i!,mz 

0 2\Z\t. #10 8 7&^'S?^L.T(.iT, #10 ^fimWiVtz^Z. 

0 2®rtgpcDM3i7K$r^§ii 1 o\znmr ^^i^ti^x^^o 
iiiia^i 0 6*^e>o{f-^(cj:o, #10 s<Dmm^um-r^^iii)m^v^^o 

25 ^?^5J-^§§ 1 0 2 li. ^?g^gili<Df*ggB03E:^&-^cDtgH{3al@5-rsiE:^lia 
■ri>^c:«e)(DJE;t;^tii|§, :»7.^m\h-r^rz.isb(D^. ffi;'3^tBgi/{)^e.<D{§-^-e#S: 
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mm? 6. :^\.^x\ KfS-iss o\zmx-r^o A^Myfimmmm? 4\zmx-^tirz 
10 wz. tamms7 4^tihmi^. TKiiTK^M-r-s. ^lt, »ni^$nfe7Kii7K<& 

0 tc^^fii-r-g). 

oizmmnm^^i^-r^. m, iSET, ?s*itc*tjt$nTVi-57K/®#:7&^*s;&§g 
5 o<D^^:^^ibmmz^W}V. z:(D^m<DmiZ7i^^M^-tmm.^MtA^mmizm 

25 jKC^^rBi«, 7i(.mw'p<Dm7i^<^mtimit^m-^n^<Diz+mmmh^^, 

5mmsiT-^^\z0^L<, 2mm&.T-^^mizr£:ti»^i.\,\ ^jt-mmt. Km 
§§5 0 (Di^mii7i^m^<D^mmmizjz o mm^^. 
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T, 7K^mm43^^s:fT-pT'b^v>o mmn}S.mt. j\u^yitm^ ^>\zm^n 
-r. TK^^bi^-rrt^ (OH-) , m^^^y (so*'-) , 58®?-r^> (N03-) 
m^cDm^^y. ms\z. 7K^-r:t> (h*) . :hh'j'^A-r:t>^coTjp*u^ 

0. 0 55'J^;U/U'y h;KOi®-ft::hhU'^7A7KJ§M«, 0. 0 5 5 U 

'^)V(D±h^)^hs^^yt. 0. 0 5 5 u^:;KZ):^{t:#)-<:f ><h<£#=^b, m^Pf 

P h >'(± (pro t i c) -^a& il 1 3&«$f ^ L Vi. 
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2-) > (NO3-) , ^)>m^^> (PO43-) iim\i<bt\^, mrn^ 

K-r:t>tbT«, m?iU. h^)y)v^umm.'i^> (CF3C00-) mtm 

l^^HttS 0 Om #SiJ<7)iem;&^;^j:Vi|S0, 1 2 Rt;:^;^ 1 4 « S 

US 3 0 4(^;^7^>lx7>^T3&-3^. 

it. Kmthm^mmi^rzi)' i^funr yyx'^mi'tc. H2. 02. C02. co(^^«f «tcd;^ 

IBO^tf. ndiiti. ^^liiimt detected) SrS^f. 
7K^K;£;:^<DM7K4'c^)^^S-a^^« (TOO flTOC:$)'^^«<£fflViTl^^fco T 

TOC^J-^^ = {1- (MStKTOCM/MtKTOCM) } X 100 (15) 

mmmi 
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S2 







itnm2 


i:tmm3 




MtKI:. [mL] 


150 


150 


150 




m:^^m^S.. [me/L] 


5.000 


5. 000 


5.000 




i^TKNaCljg^, [wt%] 


2 


2 


2 




HtKH^OzS^S, [wt%] 


0 


4.5 


0 




mmAxmAs.tj. [MPa] 


2 


3 


2 




?0^O2tj-A]E;^. [MPa] 


1 


0 


1 






250 


250 


250 




^*SJRJJ;:;E;^, [MPa] 


6.2 


5.9 


6.3 




[min] 


120 


120 


Ann 

120 




mmmm 




Ru 


Ru 




mmmm. [a] 


0 


0 


0 




¥^*?jm^^mjBE> [V] 


0 


0 


0 




H2, [vol%] 


nd 


nd 


nd 




Oz. [vol%] 


30.0 


16.0 


14. 6 




[vol%] 


2. 44 


2. 8 


5. 6 




CO. [vol%] 


nd 


nd 


nd 




CI2X [ppm] 


nd 


nd 


nd 




mTKTOC, [mg/L] 


2000 


2000 


2000 




^aSTkTOC. [mg/L] 


1850 


1794 


1260 




loc^^m [%] 


7.5 


10.3 


37.0 




M3||7KiSll:^m[mg/L] 


nd 


nd 


nd 
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i^m25m. i^^aOmm/o. Smml?) <£r^-hi'I/-7" (D^'^^JClSBb, t-hi'l' 

1 5 o"ciw6 o:5)-rBmitbfe. ^Tto i-Yn-r f^(Dm.mm5ox:\zmmur^ 
10 mt&Lfc, 

7^. 5. 6fs> i.5i^hmi^wc^mmi)m^ntco 
nmm2 

Mmmimfzf)Lm^mm^Fimm<D&^mmm Wg25inm. itS$30mm. O. 7nim 

2fS, 6fg, 1. 7fS*jS^iT0C^i'^^/5^#e>tlfCo 
5li£«»J 3 
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mmmaLo^i-m-f ff^izmiaiyfz. -Di^^xuci^ign-m-r izmuavrco 'A\zi 
i-\-!JV-r ^mcTco -Di^^xi-m-r \z7)\3' >r T^^zma^mmxLTc, mzm 

mmiz2k<Dm.mmm^6o^mmm-^'ittzo a - v^iv-r i^m25ox:. 2hm.mmm'&so 

mmm5<D7i<.mmn.^mxit, mm.^m^niDUf}^-orzitmm 1 . it^m 2 . 
tt^msizMv. ^^<DK]t-mmx\ ^n^*ni2. 9fs. 9. 4fs. 2. efg^ss 1.^100 
^mmmibtitzo 

^fz. mmmsxit. i&mitAim^mmi^tjifj^^rzm^mms (250*0, 2aw7K 
mmm.^m) \zMi^xh»M^mm.4mm<r£-oxidD. mmitTumifimmm 
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^]Bfi«*ili~4T«, 20. 0-22. 7volxW7K^;y;^;&«^^L:t. z.tHzMl^X. mmm 

iz7misx(Dm±t:mp\'t^zt^^x^rzo mt&mexu. mmm5\zMi^x. 
10 3i^<Dmm(D]&mit7m^m7i<^\zm\^^rzo i^^f}^iE>miu\^rcmmfjimim{tm.n 
izmmi' itLxmwLtz. 
it^m 1 

muzm-tP^^mmsaKD^-m-j' \z. mta. ;^c^EEf'*5ViT, mmf&mz. ooo 

mg/L(DI^7K^150mL^ijnL, Ol^TNaCl ^3g^ljnU> ^t-Ffl/-/ ^IQUfe. OViT?. 
15 lli;<^?a. ;'c^JE{C*5ViT7J>3'>i|i'>V>0^f,t-hi;I/-r {37W*>il'X^2MPa+B^^X 

m 1 1 {c^bT*?>^- ^<Dmm^^mvtj:^^x'7i(.mm<tKfts^n-^ 
B^&SfS^rao (ifp) hv. :i<Dumx'7i(.mmt^i20'}^mm^'^rz. no^K 

2%ox:xm^mtKf^^i2o^n^tz<D\zhmi:>^'r.TQc^mmt7. i%ti&<. 
mm^m^tmiziyxm\^^rz7i(.mmitmx'immmmiz^mi^m7f)^-:>rzo 
25 fji^. :i<Diti^mix'itmi\:mti.xm^^rzmmru^^^vx\^^r£i!)^-orzo 
Kf^^m^zmxiytzi' m'tmmmmx$> o , ^(D^f^mm^^mm' i^mxvtz, 

■ofz. TKmrnitj^s^mzm-m-r p^mmmmmo.o\Qi%x3^>Kf. ^fzmmi!)^-\^ 
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mmdoomLm-m-nzmiQi^tz. 'D\,^x'iidiCi^ig:t-Y!iv-r izmmi^r^o out 
•^^^xi-m-r ]H^^\zmmmi tmcm'^mf^mm w^25min. i^^somm. 5 

^Mim^x$>^o ;^*5, ttm&i2xii. m.7K\z^^ti^mm^m^t^m-r^(D 
iZ'ii'mmt^mmmmm<D'mm<Di&m<t7m'tmi^^rz. Kft^mommTi^itm 
5^fi{c«fei.x*3D. :t-hi7u-':/mmi)^m^m'^i^xi^^^mi^^^M.^tirco 

mi\z^-rp^^miOQmL(D:i-m-7' \z. :km.s.iz^\^^x. mmmm5,ooo 

i^m-^mi^ibti. it^Mi. tt^m2\zit^^tiocm^m\t3 7 . o%\z±w 
ii^mm.^6ifm^z^n^mm(DKit^^^um.t^o 
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CH3COOH + 4H0C1 ^ 2C02t+ 2H2O + 4HC1 (16) 

5 

8CI- \ 4H2O 4HC10 + 4HC1 + 8 e- (17) 

10 8H2O + 8e" -* 4H2t + 80H- (18) 

(1 5) , (16). (.11) ^-^h^^ii'KmMMmz^^^m(r)imM 

15 CH3COOH + 2 HzO^ 2C02T + 4 HjT (19) 

^fc. n^^mx^^^-^tircmmiz^^, mm<Dmt^mh±ti^ (19) t 
mm^zr^^o ^ (19) 7i^mitmm:ff7.(D2iBm%±-r^o :iti\tm 

20 mm 4 T?#e.ti/t7K^:yx Lmm.:»:^(Ditmiz^< — iscbrv^s, 

<DrFmy.^x'7iimmz^^Ti>mm(Dm<tR!ts\t&.T(Dj: o^zrsi^. 

CH3COOH + 4 H202^ 2CO2T + 6 HaO (2 0) 

25 

CHaCOOH + 202(A«.) -* 2C02T + 2H2O (2 1) 

^(2 0) X'\±mmiimmit7mx'm<t^m^n. mm:ffxt7i^\z'}^m^n^, 
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(2 1) ■v\tmmityi^mi^'p\zm^r^mmiz^-DX^^:»xt7K^'^^m'^n 

25min, K^SOmm, 0. SminJ?) Wl/-/ * W4'*f::^Bb> ^-F^l'-/ ^Ifl Dfe, 

^m&mmmmvtz. tmmt-ii-:Bi.z:^m.mmm.<Dmm^mmizw-±v, mmm^ 
^3, 4-si.zs5(D^Mti\z. Ti^mmm. (vo i %) > mmmm. (v o i %) , 
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time [m in] 
0 
15 
30.2 


30 
0 
2.2 
5.02 


50 
0 

1.55 
3.42 


IOC 
0 

1.18 
2.31 


150 
0 

0.94 
2 


0 

200 
0 
1,01 
1.36 


250 
0 
0.8 
0.95 


300 
0 
0.7 
0.7 


350 
0 
0.7 
0.7 


45 
60 

E4 


7.56 
8.B7 


4.95 
6.55 


4 

5.48 


3 
3.9 


1.44 
1.51 


1.07 
1.2 


0.8 
0.8 


0.8 
0.8 




SSI CJ 


time[min] 


30 


50 


100 


150 


200 


250 


300 


350 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 5 


0 


0.27 


0.29 


0.86 


0.48 


0.16 


0.05 


0 


30 


0.68 


0.81 


0.911 


1.63 


0.64 


0.15 


0.04 


0 


45 


1.15 


1-3 


1.58 


2.01 


0.66 


0.122 


0.02 


0 


60 


1.88 


2.07 


2.46 


2.2 


0.68 


0.02 


0.01 


0 


:5 










;sj^rci 


time[min] 


30 


50 


100 


150 


200 


250 


. 300 


350 


0 


0 


0 


0 


0 


0 


0 


0 


0 


15 


1280 


1110 


210 


41 


9 


0.75 


0.1 


0 


30.2 


2240 


1970 


480 


38 


14.75 


1.25 


0.1 


0 


45 


3600 


2040 


490 


37 


19 


1.75 


0 


0 


60 


3880 


2200 


460 


45 


10 


1.25 


0 


0 
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5 irotiT, mmmmmmiimTh. -Ammmmmf^^ (id \z7ik-tmm^ft- 

m^mm^ :t>f)mmKmTmm-^n. mm7i^izit-Amm=S:!$i'mii-r^:kMm. 
10 mmi!)mwvfj:\,^:it^m-ro 

^■ox. ^mmiz'ij^-DX. 7m^^7i^mnm.^MxmmT^m'^izit, Kmco 

mm.^Mt:-^^\zmn^'itx%^±ii7f)m^x^^^t\zTj:^, m^z. MTSrm 

15 sc:<h*«i?#-s. 

muz. Kjit^i^mtmEEiKDmm^^-t. Kitsumi)^±^-r^\z'Dnx. mm 

20 mmWi 7 ~ 9 {3-^ViT<7)^®l^#Raf,^Sm^£^ 6 IC^-To 
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0. 131gC0f'Jj?DDifl/>. 0. 12gCONaOH, 3g©NaCl ^rlSOmL CD 77773 tXn^ HtHZ 
M7fc^in;^TM7K<£150niLSIigiEb;t. oiiT, ^iS, ±^l£\z:id\^^-z . mi 

5 mU (^g25mm, iti^SOmm, 0. SmmiP) ^1^-7* ' l^'t'*l3^Bl>, *-hifl'-7' 

^6-e> M7KTOC75«16Omg/Ll?fe-3fc0{C*fLT$!lS7KTOC«O. Smg/LTafe-^Tto 
15 TSofc. 

C2HCI3 + 4 H2O — 2C02T + 3H2 t + 3HC1 (22) 

20 

mmm 

>'^5^;^7.;^7l^^^->F (dmso) iz^^ix, 7Kl^«M^^i£fTo;to dms 

0. 078g©y ;ifm7*++i'K (DMSO), 0. 06g(DNaOH, 3g(^NaCl <5rl50iiiL<Dji7777a{c:A 
25 CinicM7jc<l:Jp;lTM7KSrl50mL^i@Sbfc. OI/iT. ^^g. :*:^JEfC*3 

ViT, ^1 {'^-ri^^«300niL<7D*-F^l/-7* fc07K^:^«^j!lPLfc. Ri^^^WS^- 
iV/f)Umf^mm (^@25inin, i^^SOmm, 0. 5mm0) ^i^-YHV-f P^^^izmmi^^ 
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(CHa) jSO + 7 H2O -^2C02t + 9H2t + H2SO4 (2 3) 

^m-r^i\L^mx'^K). mmt\.xm^^^n^o 

0. 330gCD-7 9^:^->, 0. 28gCDNaOH. 3gCDNaCl 5:150inL<D;<777W{c: An, Z.t\\Z 
ii3E7k<£r]!inATlM7K*150mL^^^b:to iz^mziiUX. El 

{::^-rp^^S[300inL©*-F?l/-r {m7K<&^«mj[jnbfe, P3lSi?^©e^-'f'Jy -JA^^ 
MM (^@25inin, iti^SOmm, 0. SmmiP) 5r^-F^P-7" F*>l4'^{C^SL, i-m-l' ^ 

-rrtias;i)i250'csj^p#<£^jSB#PBTo (-tfD) hv. :L<Dum.X7i^^m.m.^m^i 

i-\>}V:7' ^^^^mmiiv. MrBitc6A©Mmsif^255i-PBiam$-a-fc, 
i'-rfflm*250'c. mm^i^^mmm^. tiamm\:-9-. m.m'mmo^mm^mmz 
w±vtz. 'D^^xmmm^m\'^xt-m-i' ^^t^-^^tz, 

^6T, W>7KimmQQm/lX$>-Dtz<D\zn\^xm^7\f.-{m±2m%/lX$>-otz. 
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CioH.906PS2+26 H2O 

— 10C02r + 38 H2 t + 2H2SO4+ HaPO^ (2 4) 

^mm 10-12 :B!.z^it^m 5 

mmmio. iiRzfi2'vit. 2 5 o'Cfc^jiix, ^n^n. 2a, 4arzs 

{Z75:SJ:T>t:^T7KlM7K^PSLfc. 0 1 f:i^-rF*>l^a300inL©^-hi?l'-7' 10 
\Z. ^ta, ;*;Mffi{C^ViT, c:CD7'>^:-T07K^15OmL^.iDL, Ol^i-TNaCl 
4g?^jDL';to -IPl-iT. RtfJ^OJtrr'^Aj^^gmM (^S25inin, Ji5$30inin. 0. Smmi?) 

^»w, m^t-^$fflViT> t-w-r f^<Dias7&^2 5 o'ctxiiM-r-ss-e, in 
i&mio. 1 1 Rijc 1 2 2A, 4A, isLzf^6A(Dm.mmm^mft^i^. mm. 
Mmmt-9-i^zs]M.m.mm(Dmm^mn\zw±L. 
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2NH3 -* Nil + 3H2T (25) 

5 

fSiis. ^ (2 5) T^^T^7K^:*fx«7K®«^^^T%^L/!:t>(^)T^S. 
5) (D^^Ef&S^fCfiSK^nx^^TS:^^. 

^M^j 1 3 s.(:>' 1 4 K!t-mm^tn^ni 5 6i-:si.zS3 o^\ziy, Ra^-um 

«^^^^fT5<h*j^#:{C^^:lgm^l?7&5iljg^t?5;^ (ia6#8g) tztb. 

reak-point reaction) TjtffTS*^'. 2|i:^Bj07K^®^:5:}-j?|T}i> TKJgftfC^ 
M^S?;!)n^<i:^£#^EL;a:Vit^^-e7>U7755jS^;6MC^^$nTVi■5 tj&^Bj 
20 ^tS^TSSo 

IIM^fij 1 5 JSi.Z^ 1 6 . MZ/tC. Jtig^J 6 

^us^Rj 1 5Sl?>'i 6t«. Sf&ta^^&^n^*n2 o o "0^.0^2 5 o'ct^bTt. ^ 

fc. Jti^^j6-U«, Rf&fig[<£:3 g'CtCUfco Sl&^PBl«r^^b$-B:T. fiS^tt^ 
25 ^(DliS^^aij^Lf::. mm^mi 1 tS^-T. 

T>^z:T*^mmii-<^T'^^-^-r^l?R{C, C^ig-f :t>;5^4'^B1^fie^^i:LT^fi^■r 
m.^mn-:>rc^mmi 6x\t. ffi^i4^^tt-B.4fig$ns7&i^B^K-c^fe^i-«? 
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mmm n. is i 9 
5 n-otio iiss0Oi7> 1 8 Rt/f 1 9 -ctt, ^yx^/-;i'75><z)is^*t. 

^*n20. OOOmg/l. 10, 0 0 Omg/ 1 RC;^5, 0 0 0 mg/ 1 Ifafe 
El {C^K-rF«gM300mL©*-F?|/-7' 1 Otc, M, ;^^ffiJC*3ViT. ifSI^TK 
10 S25inin, ii5$30iiim. 0. 5mmjg) Sr:t-h?l/-7" CD4'*f'KSL., ^-hi'l/-?' ^B! U^feo 

20 §^e)7&^-c^^. 

2H0C2H4NH2 + 6H2O N2 t + 4C02r + ISHsT (2 6) 

25. 

Ml 3{;, mmmi 7<0«-&<?5:yx^fi£4^(DM^^^-r, Ell 3 75^e,SJESB#FBl 
6 O^i'T'H^^;^^, i^m:^?7.. 7^^:^ 7. (D}i^«^n-^n 2. 4 6 volX. 9. 3 
8V0IX, 3. 5 SvolXTfeO, (2 5) OKfS^<^^^«feJt^<5:Sf^-©cLT 
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f^m^<Dmit<^^^>7()^o. 5mmo \ yvv hMzu^^'Diz. mmizmt 

e^«6o#m^SrfflVi, 2 sec, 7 0^JE®ffi:^©T. 6 A<D3£||gfE^ 2 ii# 

10 ime>o^s^^^|:s.z^^m<&^7t;:^To 
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mmm 2 1 

m^(Dm<tm-(^>m^:fy^i 0. ommo I y*j y hjutf3i^j^^ izmt-^ h V 
ttmm 7 

10 i^mmt!ii''rvhn:^i.x\^^r£A^'z>rco ^-h^u-zfo^p^mit^^Fm-ki^xi^^ 
imm 8 

nM^mm-t^z.tt£<. :t-hi^u-':f\z^mm^m^i5 0m.\xn. :k 
\f^x. ^mzx, 7;i'=f>:<f:^sr6 omE, Mtc, mmi57.^i om<mmxi^rco 
15 :^-h^u-':f(Dj}am^mt^v, immmz\t2 5 ox:{zmmLrco 2 sot:, 

^js^y 2 2 
rz%<D^m^^rz, 

25 :^7;U->'^A?S^75^2 5 Omg/U >y h;i/T2&0. ^T;l':*J U^*^ 2 0 0 mg/ 

MtKI 5 Om 1 ^^-h^U— >^fC^iJPLfc. ^-h^^U-y<^JPl^-rS<^<i: 
IlStfZ. 1 5 OmA®iSSitmSit<^#^^L^c. T^Cfe. M®mSKM<hLT«, 2 
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1 0 o^mmmzmmt:W±v. :t-hi?u—y^f^mhrco KfSis^(Dp^m\z 
2 3 tmtji^o 

ci^zgi-m-nzmiaLTz. 'Aizi-\->f\^-7'm^^\zFi^m<Dm^wmm: ws25 

:y7.SrlMPaffi^S.Dv'*3'>j()'7i£2MP affi^ (-^fJ-SMPa) :;^{cm^k- 

\zmmvrco ^rcKjt^mm-ifanj^ib. i s ^reiRiTS i \z^-rjvu-:r4 5^43 

20 ^iS«aJ2 4Tfi, ^SS«?i|2 3{ci5ViT*-F5l'-7'i^(3^AL;^c^^:yx lMPaS.t>7 

25 ^1 4:\z^Ki^smfii\z^\'^xmwL\yfcKmm<DTQzmm.'^^-t, miAH^ib. 
^tcmiA\z\t. 2A<z)mM<&m^PBH3®mLfc^-&jc43ViT, m»tE^^;&n 
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^xm<tm^%^ (Kft^^ (17) ) -r^cDizmm^ti. ^i^iz^KDmitmaj^T 
^xmmii<Dm<tRjt^ (K!ts^ (16)) izmm-^ntzm^moc^^T. 

mmm2 3xitm^^mi)^M.m-f±. mi 0 o%sx±hfj.-::>Ti^^^<Dx. mm 
(D^ts.^-f. mw.^^MKj!^>'\zm^\^x\,^^^<Diim.^ri^. ^<D^mffi^M\z 

10 m^vtzmm-»7.timm.Txi^m\zmm\^ (.K)^<^ (27) ) . :k^^x\ Km 
^ (2 8) iz^-t^viz. is@{c:*3ViT, m^mm:^m7tKm\z^K)mm.mm\z 

O2 O2 (aq) (2 7) 

15 O2 (aq) + HzO + e" -» S-l*^^ + OH" (2 8) 

^ciir. mimmim^tmm^m^^(Dx\ mmf^^m^p^-^izm^t-^ii^. 
CH3C00H + mm^m -» CO2 + H20 (2 9) 

20 

3S: (1 6) RtX (1 7) ) fCjDAT, M*^'i5#L.fe^3-MHf£:*) (JKlESS; (2 7) 

~ (2 9) ) mn-r^<ox\ mmoy^^mmt-r^mmjimf}^! o o%u±izrj: 
^tmioti^o vrzi}^^x. mitm^mm-t^^hiz^f:). 7i^mmm.^m\z!z^m 
25 y3:mti-f)^mmx'^^, 

mm:»7.t>m^f)^izmm-^ri. ±iiz^tixi^^:»7.(D^]^^itmm:fi7.x^^o 
$e.f3. i^®{c*3iiT, i^&.mm^^^-r^s:]t^^ (2 8) *iiifT-rsfc«i. tk 
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mmiJx (CO2) ST^^)^$nTtiscit75«fe*^^. m.<tmumm.^m\z^K>7i<. 

(H2O) ;6^e,M^$ti^, tK^^cd^^I^^ (0) \tmm^m^:fSx (CO2) 

mm ^mmt^m-^Rzm^tm ^ mm vts, ^^^^(Di^^-rn-x m^^(Dm^^ 
-5. 

mmm 2 5-2 8 ms)AM.m i o 

^ss^j 2 5 ~ 2 8 ^Mnmm^o. sa, ia, 4a, 6A®mL7t. 

mts\ \^tz.ii^mm.%6i^mx\tmm.mmm\z^m-^n^. 
^mm 2 9 '&xsm:mm a o 
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2^^B^T«. 7mK^-tmm^mii^mm\znt>^nz^r)^ ^mm. t>=e 
=-Tm(Dmyt'&mn^^¥km\zmi\:^M-t^ z. <h*^T#-s, 

iti^^ji iRui 2. mmz. mMm^ i-efi, /\u^>^^>i)^7^mmz^ 
imiMi i-Qn.nmnumiB(D'!(m'T;. ^m(D7mmM.^m^n^rc. Naci^ 

\z^\,^xmMM\zik(D\^mMM^mm.\^tzo z.(D)ALmm\zio\,^x. 2A$3im$-i± 

mMm,(Dii^\z\%%]^mWi<ti.v). z-mz^-^x. m-nmrntrnK-fs.^. 

nTti5^«6, 2K<Dummm^mmi^\zmn.-^'^^(D\Z'B^fs.m]£myx^-:>tz, 
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mmmS 3Xit. ^MH. /\Otr>-(^>iil^X3^m^:t>RZf 

mmm3 2itmmmtiyXKi(^^itti ')^A)^zgm\^^fzo Naci(Z)#o{cKi^ 
mi^^r^iSkf^. m<DK!t-^mtmmm2Zizmmx$>^o iKDitnmxmhommn- 
m ^mm m izmm $ ^ © izin-^mmt. s v t ^ ^ 

mi 9izToc<Dmit^^to Kit^mmtiif^]&-r^iz-onx. toc*?{£tl 

mmm^ nmm team $ ■& © \z>M-mm!£ it3vx$>-orzo 

mi 9\zToc<D^i[:^7^-r, SfSBtraWM-r-st^^nT. rocnimTi^ 
fco mm^^xDm^izit. mm*mm:»7.^x'6^mvrco :i<Dmmit. mm-( 
:t>hmmmzmmx'$>-orco 
itmm 1 3 

it^mi 3-Bczsmmm3 4Xi^. mimti^x. -Ammmm-rho^A^m^^ 
rc. itmmi 3xit. mmm\zmm'^-r. ^^c^TK^m^ts^. gp-^, m^mit 

ttWiM l3X\t.. ^ia, :km.R\z^^^X. il^ii^*«4. OOOmg/LtNaOCK^M 
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&mm.-r hv^A) mmm. 6vi%tu^^ r> xzMw.'Si.xs^iFMMMm.-^ v^)^h.m 
umi^rcKmm<DTocmtm\^^m 2 0 itmm 1 3 (D:^m.mm^:)- h 



NaOCl -> NaCl + 1/2 0, (30) 

mmm(D^ ^^Mtim^. Kj^-^m.\zmm\.rm.^x\t.:kmMmmm^ t. Aj 
7i^m^%6i^mx\-t. 'AmM.Mm.-<^ytiiKm\z^^\^x\^^iim.i:>n^o 

nm\z^'^i>^m-t^iim,t>n^o 
^mm 3 4 
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^<hL, i-m-r^w^mmti\^x2k<Dm.mmm^m®m\zmm\^rco ^tz. 
sjSB#rBHfp>{>^c 1 5:a'rBiisiTEinc:^TA';i/:/4 5 <h4 ssr^f^u, a-m-r 

mz oizmmLrzK}t^m<DToc^n:^7fk-ro ^mmm-^mj^t^iz-Dnx. t 

mmxn!iciRzsmm^xf)^^n'en'Am^m^R-(/i&mit7Km\z±m^rL^o t 
^mmzmn-r^h(Diim.t>n?>, 
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1. TKi, /\a^>'(m-(^>t. m7iii<^nii^m-r^7i<immz. loox: 

10 7Ki^ll^5^-j^;&So 

4. SfrlB^^bjSpm ^V>^7.. M^fcTKm, RtX, :;*:MAu^'> 

>, :Ltii^(DQ:M<Dm.^'^t>'ttT^$)^±mm:!^m(DP!tiMzmm<D7i^mm 
15 m^M^fe. 

6 . mmymm^. 0 . 0 5 5 u u hjvsx±<D/\ o ^yitm-i 
'^^t^±MmMm<o^nf)^zmm.(Di^mn.m.^m-^m. 

^n^i\:^m^'^m-r^±Mmi}m(Dmnt^\zuwL<Dii<:mmm.^m:^W:. 

« 9 {IIE«<7)7X^fl^5}-M^{lo 
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11. mmmmammtimi^. mmmmf)^. ju^-oj^. -tuv^^^a, a^. 

5 1 1 \ziim(07mm^»mmm. 

mvxi^^mikm 9-12 (Dmm^izmmoTKmm^^mmm, 
1 4. mm7i^mw9^>Rnmmm^^>izmf^r^m^m^=^^r^m^ 
10 mis \zmm(D7i!^mmm^mMo 

1 6. msiKmmizmtm^^i^T^rc&<Dmm^'i>f)mmKit^m{zmm 

15 17. tK^:, ^i!'r^><i:, )S7cfetlS<i:$WT-57K^#J^> 1 0 0'C£^±h& 

1 8. mk^^yf}^. /\u^>im-(^>. mm-^^y (so^^-) , {^^^ 

:t> (NO3-) , U>^'r:t> :SL\-ih^)y)V:^U^m'i^> (CF 

20 3 c o o -) ?&-g-trft5l<JS 1 7 {cl2m<757Kgftmm^^^:^j£. 
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